TN a former paper (Rutishauser, 1956) two types of fragment chromosomes have been reported for Trillium grandfiorum: standard type (s) with submedian centromeres and telocentrics (t). By scoring .s-chromosomes in triploid endosperms of the crosses 0 Xs and S x0 their distribution could be ascertained. It is normal on the male side; on the female side more than 8o per cent. of all endosperms contained fragment chromosomes, which proves that s-chromosomes are preferentially included in the functioning dyad-cell (preferential segregation).
In order to get more information concerning the mechanism of distribution of fragment chromosomes, plants with t-chromosomes have been included in a new series of cross experiments. As Roman (1947) pointed out, in maize, interchange-chromosomes carrying terminal centromeres and one-third of the proximal part of a (heterochromatic) B-chromosome show directed non-disjunction in the second mitotic division of the pollen grain, whereas interchange chromosomes carrying the other two-thirds of the B-chromosome, but provided with the subterminal centromere of chromosome 4, segregate normally. Roman concluded that the position of the centromere might be responsible for this unorthodox chromosome distribution. It has been the aim of the new series of cross experiments mentioned above to find out if Roman's hypothesis is also valid for the (euchromatic) fragment chromosomes of Trillium grandflorum, whose deviating distribution takes place in the first meiotic division, or if preferential segregation is due to other properties of the chromosomes.
PREFERENTIAL SEGREGATION
Crosses of the type 0 x t and tx 0 have been carried out as described earlier for standard fragment chromosomes (Rutishauser, 1956) , and t-chromosomes have again been scored in the endosperms.
The results obtained correspond exactly to those reported for s-chromosomes (table i). Whereas in 0 x t-crosses t-chromosomes show normal distribution, in tx 0-crosses 86 8 per cent, of all endosperms revealed two t-chromosomcs (due to fusion of two polar nuclei, endosperms with two t-chromosomes in t>< 0-crosses correspond to endosperms with one telocentric in 0 >< t-crosses). Crosses carried out with parent plants both containing t-chromosomes confirm these results. In t x t-crosses, endosperms provided with two or three 241 t-chromosomes, respectively, correspond to tt-endosperms of the tx 0-crosses. Their frequency is 8i 7 per cent., almost the same as that of tt-endosperms in tx 0-crosses. Similar results have been obtained in corresponding crossing experiments with plants containing s-chromosomes (table r) .
In Trillium grandJlorum, so far as segregation of fragment chromosomes is concerned, no differences exist between standard fragments 
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and telocentrics. Obviously, the position of the centromere has no influence on the distribution of B-chromosomes in the course of the first meiotic division. The same conclusion may be drawn from the results of crossing experiments with Plantago serraria (Frost, 1959) whose B-chromosomes are of the standard type and from crosses with specimens of Lilium callosum (Kayano, 1956 ) containing telocertric B-chromosomes (table i) . Therefore, Roman's hypothesis is not applicable to B-chromosomes revealing preferential segregation. Nor are heterochromatic blocks likely to be responsible for this mechanism of numerical increase as Roman (1950) and Longley (1956) suggested in the case of maize. Both standard and telocentric fragments of Trillium grandflorum are
• 4 w '4. entirely euchromatic. For this reason it seems probable that fragment chromosomes of Trillium are deviating from ordinary chromosomes in the properties of their centromeres.
STABILITY OF TELOCENTRIC FRAGMENT CHROMOSOMES
Structural changes of centromeres may be expressed in one of the following ways (Marks, 1957) : failure of congression, nondisjunction, misdivision, production of isochromosomes. In Trillium grandflorum no investigations on meiotic divisions have been carried out. Our statements on stability of fragment chromosomes have been inferred from observations in the endosperms. They show that standard fragments are highly stable; only three out of 205 endosperms of the cross sx 0 revealed numbers of fragment chromosomes differing from those expected (i or 3) and in 0 xs-crosses no deviation at all occurred.
The same is true for t-chromosomes. No signs of non-disjunction and production of isochromosomes could be detected. Apart from failure of congression, which is presumably one of the causes for preferential segregation, telocentric fragments seem to be quite normal and stable (plate, figs. I and 2). However, telocentrics are more often subjected to structural changes of chromosome arms than s-fragments. Whereas in 418 endosperms carrying s-fragments not the slightest structural change of the fragments occurred, remarkable alterations of chromosome-form and -size have been found in two endosperms out of i 09 carrying t-chromosomes. In one instance a break could be observed in one of the two teleocentrics present, followed by reunion of the acentric fragment with the centromere. So a new standard chromosome was built up, which, however, was not identical with the ordinary s-fragment.
In a second endosperm, 63 metaphases and anaphases which could be analysed contained one normal fragment chromosome and one telocentric of varying size. Its variability extended from chromosomes measuring half the length of normal telocentrics (plate, fig. 4 ) to those consisting of bare centromeres (plate, fig. 3 ). Bridges detected in anaphases indicate that some kind of a breakage-fusion-bridge cycle leads to this change of telocentrics (plate, figs. 5, 6).
The two instances of disintegration of telocentrics prove that t-chromosomes are less stable than s-chromosomes. This finding is consistent with Darlington's and Shaw's observation that three types of t-chromosomes occur in Trillium, whereas in most of the species investigated only one type of s-chromosome has been found (Darlington and Shaw, Since both cases of fragment disintegrations occurred in daughter plants of t x 0-crosses, and since only one telocentric has been affected, the initiation of structural changes has presumably taken place in the course of embryosac-or endospermdevelopment.
DISCUSSION
According to Roman (i47), a special type of division is required for maintaining numerical increase of B-chromosomes. In grasses it is the first or the second mitotic division of the pollen grain, in Trillium, Lilium and Plantago the first meiotic division.
Up to now, preferential segregation has only been reported for EMCs. As Kayano (1957) pointed out, it is due to failure of congression of univalent B-chromosomes in Metaphase I. In most EMCs B-chromosomes are not included in the equatorial region but are lying preferentially on the micropylar side. Kayano concluded that "preferential segregation has an intimate bearing on the developmental polarity or gradient in EMC" (Kayano, 1957, p. 737) . Presumably, this mechanism is similar to that found in pollen grain mitosis and consists in an asymmetry of the spindle of the first meiotic division.
Such asymmetric spindles, or at least an asymmetric position of the spindles in EMCs, have indeed been found in a variety of species (Schnarf, 1929) . They seem to be common in plants with an embryosac-development of the Allium-type, and in the case of Trillium grandfiorum the existence of asymmetric spindles may be inferred from the fact that the non-functioning micropylar dyad-cell is smaller than the chalazal dyad-cell (Ernst, 1902) .
In PMCs preferential segregation does not take place, nor could it possibly be detected, even if asymmetric spindles in the first meiotic divisions occurred in them, for, as a rule, all four microspores are functional. Therefore, preferential segregation is always intimately connected with megaspore formation and depends on properties characteristic of the production of female gametes. It is likely that no special mechanism had to be built up for creating and maintaining preferential segregation of B-chromosomes, as is presumably also the case with the mechanism found in grasses which leads to directed non-disjunction of B-chromosomes. In both cases B-chromosomes make use of mechanisms already existing, mechanisms which are also present in plants devoid of B-chromosomes.
If this is true, deviating segregation of fragment chromosomes depends entirely on special properties of B-chromosomes which are usually not present in ordinary chromosomes. In rye, directed nondisjunction is correlated with the presence ofa conspicuous knob near the end of the long arm of the standard accessory (Muntzing, 1958, p. 460) .
In Trillium grandflorum such a knob is not likely to occur. Fragments of various types and size show exactly the same type of segregation. Since fragment chromosomes of Trillium grandglorum are entirely euchromatic, heterochromatin may also be excluded as a possible cause for preferential segregation. Nor is this type of chromosome distribution due to the position of the centromere. Therefore, one might suggest that in this species it is the structure of the centromere which has been subjected to alterations that prevent normal congression of B-chromosomes in the course of the first meiotic division.
But even this seems not to be likely, considering the fact that neither submedian nor terminal centromeres show any sign of weakness.
We are, therefore, inclined to impute the unorthodox distribution (2) Univalent X-chromosomes of Taleporia tubulosa revealed preferential segregation in temperature experiments (Seiler, 1920) .
() In 2B x0-crosses B-chromosomes of Plantago serraria, whose bivalent formation is suppressed, segregate preferentially (Frost, 1959) . On the other hand, 2B-plants of Lilium callosum combine bivalent-formation with normal distribution of B-chromosomes, although a certain amount of preferential segregation occurs (Kayano, 1956 ).
Obviously, preferential segregation is at least partially bound to univalent condition of B-chromosomes. Lack of pairing of B-chromosomes may, therefore, be one of the causes for this deviating type of chromosome distribution. 2. It may be concluded that preferential segregation depends: (a) on properties characteristic for megaspore formation, and (b) on univalent condition of fragment chromosomes.
3. Telocentrics are less stable than standard fragments. Structural changes and disintegration of telocentrics occur as a consequence of chromosome breakage and reunion.
